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A  PHASE  EQUILIBRIUM  DIAGRAM  FOR  THE  VANADIUM-GALLIUM  SYSTEM  (*) 
by  V.M.  Pan 

'  One  of  the  most  promising  materials  for  superconducting  solenoids 
is  the  interne tallic  compound  VjGa.  -This  compound  was  first  studied 
in  the  works  of  Matthias  et  aL_.  [1,  2],  where  it  was  shown  to  have  a 
crystal  structure  of  the  g-W  type  (a  =  4.816&),  and  that  the  terrper- 
ature  of  its  transition  to  the  superconducting  state  (Tc  =  16.5°R) 
reported  by  Roberts  [13]  is  thought  to  be  more  accurate. 

It  was  shown  in  [4]  that,  when  the  composition  of  inteimetaliic 
VjGa  differs  from  stoichiometry,  the  superconducting  transition 
tenperature  Tc  decreases.  For  a  component  ratio  in  the  alloy  of 
V/Ga  =  2,  Tc  =  7.6°K,  and  for  a  ratio  of  V/Ga  *  4,  Tc  =  10.1°K.  The 
authors  of  [2]  note  that,  according  to  their  observations,  the  crystal 
lattice  parameter  of  V^Ga  does  not  change  when  the  ratio  of  V/Ga  is 
changed  from  3  to  5. 

A  small  amount  of  the  second  phase  was  discovered  in  all  the 
alloys,  but  in  the  alloy  with  a  ratio  of  V/Ga  »  ?  a  third  phase  was 
also  found.  The  nature  of  these  phases  has  not  been  established."  The 
work  of  Schubert  et  ad.  [5]  indicates  the  existence  of  a  compound  l^Ga^, 
with  a  tetragonal  structure  of  the  Mn^g^  type  (space  group  P4 /mbm  and' 
parameters  a  =  8.96?A  and  c/a  =  0.300).  The  existence  of  a  coin~ 

pound  with  a  structure  of  the  Mn^g^  type  was  confirmed  in  [6-8] ;  in 
[6],  the  following  parameters  were  obtained  for  the  urdt  cell: 
a  =  8.9723  ±  0.0G02&,  c  =  2.6895  ±  0.0003X,  c/a  =  0.300  and  a  density 
of  6.90  ±  0.0b  g/cnf>;  according  to  [7],  a  =  8.98^X  and  c  =  2.69&A. 

In  both  works,  it  was  shown  that  the  compound  V^Ga^  decomposes  a1* 


(*)  Translated  from:  "Struktura  metallicheskikh  splavov"  (The  Structure 
cf  Metallic  Alloys),  ed.  by  V.N.  Svechnikov.  Kiev,  "IJaukova  Duoka," 

1)66,  pp.  56-66’. 
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1085  ±  5°C  with  a  peritecti.c  reaction,  into  a  liquid  rich  in  gallium 
and  another  conpound  containing  approximately  50  at%  Ga»  According 
to  the  data  of  [6],  this  compound  contains  52  +  2  atl  Ga,  has  a 
formula  of  V^Ga^ ,  and  a  bcc  crystal  structure  with  a  lattice  parameter 
of  a  ■  9.17  A;  it  is  of  the  yphase  type,  belonging  to  the  Hume- 
Rothery  phases  with  an  e/a  ratio  of  21/13.  (Hie  same  structure  was 
found  for  this  compound  by  Schubert  et  al.  [9],  but  there  it  was 
assigned  the  formula  VGa.)  This  conpound  is  stable  at  tenperatures 
above  995  ±  5°C.  At  lower  tenperatures,  it  decomposes  into  V2Ga^  and 
another  conpouid  with  46  ±  2  at%  Ga.  The  latter  is  stable  down  to  room 
tenperature;  it  has  a  formula  of  V^Ga^  and  a  crystal  structure,  appar¬ 
ently,  of  the  TigSn^  type,  which  may  be  described  as  a  hexagonal  unit 
cell  with  the  parameters  a  =  8.496  ±  0.001  c  =  5.174  ±  0.001  X,  and 
c/a  =  0.61.  It  should  be  noted  that  neither  VgGa 7  nor  V^Ga^  were 
obtained  in  the  single  phase  state  by  \he  authors  of  [6]. 

According  to  [7],  five  interne tallic  compounds  exist  in  V-Ga  alloys: 
VjGa,  VGa,  V2Ga,- ,  and  still  another  conpouid  with  a  higher  Ga 

content.  All  of  these  compounds  are  formed  from  liquid  by  peritectic 
reactions  at  the  following  tenperatures:  1525,  1195,  1110,  1080  and 
485 JC,  respectively.  The  campoind  V^Ga^  decomposes  at  a  tenperature 
of  about  935°C  into  V^Ga  and  VGa.  The  authors  of  [7]  believe  that  the 
structure  of  the  conpound  VGa  represents  a  superstructure  of  the  a-Fe 
[sic]  type  (the  period  of  the  substructure  is  a  =  3.01^$). 

-  ,  ^  I  I 

-  This  work  presents  a  phase  equilibrium  diagram  of  the  vanadium- 
gal  liu,'  system;  the  diagram  is  more  detailed  in  the  range  of  concentra¬ 
tions  where  the  compound  V^Ga  exists.*'  —  - 

For  these  studies,  35  alloys  were  prepared  from  vanadium  (99.5) 
and  gallium  (99.999)  in  an  arc  furnace  with  a  tungsten  electrode  and 
a  watercooled  copper  hearth  in  an  argon  atmosphere.  The  alloys  were 

*  After  the  preser.t  work  was  completed,  there  appeared  a  report  of  the 
work  of  Van  Vucht  et  al .  [8],  in  which  a  phase  diagram  of  the  V-G& 
system  was  also  constructed.  Ihe  high-V  part  of  the  diagram  in  [8] 
coincides  with  ours. 
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prepared  in  lOg  charges,  and  it  was  found  that  the  weight  of  an  ingot 
practically  did  not  differ  from  the  sum  of  the  weights  of  its  compo¬ 
nents.  Therefore,  we  assumed  that  the  composition  of  the  alloy  corre 
spends  to  that  of  the  charge.  In  general,  this  was  confirmed  by 
chemical  analysis.  The  alloy  compositions  are  given  in  the  table. 


Composition 
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7.51 

— 

— 
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— 

— 

3 

20 
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— 
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3.035,  (9003) 
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4 

23 

22.13 
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3.040, 

479 

4.805, 

9C6 

5 

30 

23.85 

— 

_ 

_ 

_ 

4.806, 

906 

6 

31.3 

25.0 

— 

— 

— 

— 

— 

852 

7 

32 

25.59 

— 

— 

3.043, 

513 

4.809, 

852 

8 

34 

2735 

— 

— 

—  1 

513 

4.809, 

878 

9 

36 

29.13 

— 

— 

3.044, 

_ 

4.812= 

878 

10* 

36 

29.13 

35.5 

28.68 

__ 

11 

38 

30.93 

— 

— 

— 

539 

4.813, 

852 

12 

40 

32.76 

— 

— 

3.046, 

539 

4,813; 

906 

13 

42 

34.60 

41.3 

34.42 

3.048, 
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4.814; 

— 

14 

44 

36.48 

45.8 

3737 

3.050, 

_ 

_ 

— 

15 

45 

37,42 

— 

— 

_ 

_ 

« — 

— 

16 

46 

3837 

47.5 

39.8 

— 

_ 

— 

— 

17 

48 

40.28 
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40.48 

_ 

_ 

_ 

18 

50 

42.22 

50.5 

42,7! 

_ 

_ 

— 

19 

50 

42.22 

49.9 

42.13 

_ 

__ 

_ 

_ 

20 

50 

42.22 

50.7 

42,91 

— 

_ 

— 

— 

21 

52 

44.18 

52.4 

44,53 

_ 

_ 

—  - 

— 

22 

54 

46.17 

5:-  4 

45.58 

_ 

— 

23 

55 

47.18 

54,5 

46.68 

— 

_ 

— 

— 

24 

56 

48.19 

56.0 

48.19 

_ 

_ 

_ 

25 

60 

52.29 

58.5 

50,75 

_ 

_ 

_ 

— 

26 

60 

52,29 

61.8 

54.18 

— 

_ 

— 

— 

27 

62 

5439 

63.4 

55.87 

_ 

_ 

_ 

— 

28 

65 

57.58 

69.2 

62.10 

_ 

_ 

— 

29 

70 
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72.9 

66.29 

_ 

_ 

— 

— 

20 

75 
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78.3 
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— 

_ 

... 

— 

31 

75 

68.68 

75.8 

69,6 

_ 

_ 

_ 

32 

80 

74.51 

■ 

_ 

_ 

_ 

_ 

_ 

33 

85 

80,55 

— 

_ 

_ 

— 

■*- 

34 

90 

86,80 

_ 

_ 

_  . 

_ 

35 

95 

93,28 

— 

_ 

_ 

36 

93 

97.28 

— 

_ 

_ 

— 

— 

37 

100 

100 

n 

— 

- 

-■ 

- 

- 

*  Alloy  prepared  with  high-purity  vanadium 


The  cast  alloys  were  studied  by  micro  structural  and  X-ray 
analysis.  Subsequently,  alloys  nos.  2  to  29  were  annealed  at  900°C.  ! 

The  duration  of  anneals  for  the  different  alloys  ranged  from  40  to  I 

100  hours.  The  specimens  to  be  annealed  were  sealed  in  quartz 
ampoules,  which  were  evacuated  and  then  filled  with  argon.  After 
the  anneal  the  specimens  were  quenched  in  water  by  breaking  the 
ampoules. 

Since  the  appearance  of  dendritic  segregation  sometimes  obscures 
the  results  in  cast  alloys,  the  differential  thennal  analysis  was 
perforated  only  with  the  annealed  alloys ,  in  an  apparatus  described  in 
[10]. 

Ihe  alloys,  quenched  after  annealing  at  900°C,  were  studied  by 
micros tructural ,  X-ray  and  microhardness  analysis.  i 

A  number  of  alloys ,  quenched  from  various  temperatures  in  the  ! 

range  of  1040  to  1400°C,,  were  subjected  to  X-ray  structural  analysis ,  ‘ 

The  quenching  was  perforated  in  a  special  vacuum-argon  device.  Cas' 
oil  was  used  as  the  quenching  medium.  The  teuperature  was  measured 
with  a  W-W+20Re  thermocouple .  Annealing  at  the  given  temperature  t. 

15  minutes.  The  quenching  was  perforated  with  either  solid  specimens 
ot  powders  of  the  alloys  to  be  investigated.  *  The  powders  were  prepared 
by  crushing  in  a  special  mortar  or  by  filing  (depending  on  the  mechani¬ 
cal  properties  of  the  alloys) .  The  powders  were  placed  in  thin-walled 
Mo  containers  with  covers  and  loaded  into  the  quenching  apparatus. 

X-ray  photographs  were  made  with  rotating  powder  specimens  in  a 
cylindrical  camera  with  a  diameter  of  57.3  mm,  using  unfiltered  Cr 
radiation. 

The  specimens  for  microstructural  analysis  were  prepared  by 
mechanical  polishing  on  a  cloth  wet  with  a  water  suspension  of  chromium 
oxide.  The  specimens  were  etched  in  a  reagent  with  the  following 
composition:  1  part  HF,  2  parts  HN03,  5  parts  MCI  and  20  parts  of  H2O. 

'Ihe  microhardness  was  measured  in  a  PMT-3  device  with  SOg  pressure. 

As  a  result  of  these  studies,  a  phase  equilibrium  diagram  of  the 
V-Ga  system  was  constructed  as  shown  in  Fig.  1.  The  shape  and  position 
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Fig.  1:  Diagram  of  phase  equilibrium  of  vanadium-gallium 
system:  o- thermal  analysis;  O-one  phase;  3-two 
phases;  ac-solubility ,  determined  by  measuring  the 
lattice  parameter. 

of  the  solidus  and  liquidus  curves,  and  also  the  position  of  all  hori 
zontals  corresponding  to  three-phase  nonvariant  equilibria,  were 
dete mined  by  differential  thermal  analysis,  while  the  tenperatures 
were  determined  from  the  heating  curve.  Eight  phases  were  discovered 
in  alloys  of  the  vanadium-gallium  system  in  the  solid  state:  a  phase 
a  solid  solution  of  Ga  in  V;  3  phase  -  a  solid  solution  based  on  the 
in te metallic  compound  VjGa;  y  phase  -  the  intermetallic  compound 
V^Gay;  6  and  6*  phases  -  high  temperature  and  low  tenperature  modifi¬ 
cations  of  the  intermetallic  VgGaj;  e  phase  -  intermetallic  l^Ga^; 
n  phase  -  intermetallic  VGaj;  and  the  ?  phase  -  gallium. 

We  have  shown  that  the  solid  solution  of  Ga  in  V  forms  a  broad 
single-phase  region,  where  the  limiting  solubility  of  Ga  in  V  is 
approximately  50-511  at  a  tenperature  of  1145°C.  This  value  for  the 
limiting  solubility  was  determined  from  the  intersection  of  the 


solidus  curve  bounding  the  a  and  a+liquid  regions  with  the  horizontal 
of  the  three-phase  nonvariant  peritectic  equilibrium  a  *  1.'  •  y  at 
1145°C. 


Fig.  2.  Crystal  lattice  parameter  of  a-solid  solution 
as  a  function  of  composition. 

Alloying  with  Ga  causes  the  bcc  lattice  parameter  of  vanadium  to 
increase  from  3.028  ±  0.002  X  for  pure  V  to  3.053  ±  0.002  X  for  50% 
Ga.*  In  the  curve  representing  the  change  in  the  lattice  parameter 
(Fig.  2),  a  positive  deviation  from  the  additive  rule  was  observed. 

It  should  be  noted  that  we  studied  the  parameter  change  in  the  powders 
of  the  alloys  quenched  from  1200,  1300  and  1400°C.  Our  measurement 
of  the  parameter  of  the  a  solution  in  alley  no.  3  (15.45%  Ga),  which 
was  quenched  after  annealing  at  900  °C  and  revealed  a  two  phase  a  +  B 
structure,  showed  that  the  solubility  of  Ga  in  V  at  900°C  is  10%. 

We  have  shown  that  intenmetallic  VjGa  is  formed  in  the  solid 
state  from  the  a-solid  solution.  The  nonvariant  a  t  B  equilibrium 
takes  place  at  a  temperature  of  about  1280°C  near  the  stoichicmetric 


*  Close  values  for  the  crystal  lattice  parameter  of  V  were  found  by 
other  authors:  3.0282  ±  0.0001  A  [ll],  3.0278  ±  0.0001  A  [ 12 ] . 


composition  of  VjGa.  It  should  be  noted  that  in  the  thermal  analysis 
curves  oi  the  alloys  which  are  close  to  the  V3Ga  composition  (nos .  4 
to  10) ,  the  thermal  effect  of  the  g  -*•  a  transformation  extended  over 
approximately  100°  (even  for  the  stoichiometric  composition) ;  it 
begins  at  1250-1260°C  and  ends  at  1350-1360°C.  Ihe  rate  of  heating 
was  approximately  40-50  degrees /minute .  It  was  shown  by  X-ray  struc¬ 
tural  analysis  of  alloys  no.  3-12,  quenched  from  a  temperature  of 
1300  C,  that  only  the  solid  o  solution  exists  at  this  temperature  in 
this  range  of  alloy  compositions.  Therefore,  we  concluded  that  the 
temperature  of  the  end  of  the  g  a  transition  determined  by  differen¬ 
tial  thermal  analysis  was  nonequilibrium. 

It  was  discovered  that  the  a-solid  solution,  in  the  range  of  Ga 
concentrations  of  approximately  35  to  44%,  dissociates  upon  cooling 
by  a  eutectoid  reaction.  The  temperature  of  the  three-phase  nonvari¬ 
ant  eutectoid  equilibrium  o  ^  6+6,  determined  from  the  thermal  analy¬ 
sis  curves  of  alloys  nos.  14  to  21,  is  1060 °C.  The  eutectoid  point 
lies  approximately  at  39%  Ga. 

We  measured  the  lattice  parameter  of  intermetallic  V3Ga  in  alloys 
quenched  after  annealing  ;  :  900°C.  It  was  shown  that,  when  the  Ga 
concentration  was  changed  from  18.4  to  30.8%,  the  lattice  parameter 
increased  from  4.802  ±  0.001  A  to  4.814  ±  0.001  A  (Fig.  3).  FOr  Ga 
concentrations  less  than  18.4%  and  more  than  30.8%,  the  parameter 
remains  constant.  Thus  at  900°C,  the  width  of  the  single  phase  g 
region  is  12.4%.  At  1065°C  it  equals  approximately  15%,  and  at  1200°C 
it  is  about  9%.  The  microhardness  of  the  g  phase  is  practically  inde¬ 
pendent  of  composition  and  equals  850-900  kg/mm^. 

On  the  heating  curves  for  alloys  nos.  25  to  28,  a  thermal  effect 
is  observed  at  1145°C;  its  magnitude  reaches  a  maximum  in  alloys 
no.  26  and  27.  X-ray  structural  analysis  of  alloys  nos.  18  to  28, 
quenched  from  1130  and  1140°C,  showed  that  this  thermal  effect  ac¬ 
companies  the  formation  of  an  intermetallic  compound  which  we  will 
designate  as  VgGay,  fallowing  the  authors  of  [6  and  8j.  The  X-ray 
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Fig.  3.  Crystal  lattice  parameter  of  the  0  phase  as  a 

function  of  composition  in  alloys  quenched  after 
annealing  at  900 °C. 

photograph  of  this  compound  is  indexed  with  the  assumption  that  its 
structure  is  an  ordered  bcc  solid  solution  of  the  y -brass  type  with  the 
parameter  a  =  9.166  A.  This  parameter  corresponds  to  a  tripled  parameter 
of  the  initial  o  solution  with  a  =  3.055  A.  It  is  interesting  that  ex¬ 
trapolation  of  the  curve  a  =  /(c)  for  the  a  solution,  shown  in  Fig.  2, 
up  to  a  value  of  c  =  53.75%  Ga,  i.e.,  up  to  the  stoichiometric  composi¬ 
tion  of  V6Ga7,  gives  a  value  for  tire  parameter  of  a  =  3.055  A. 

The  compound  VgGay  exists  in  a  narrow  tenperature  range.  Forming 
at  1145  °C,  it  decomposes  at  1030  °C  by  the  eutectoid  reaction  y  -*•  6  +  e. 

A  thermal  effect  is  observed  at  1030  ±  20  °C  on  the  heating  curves  for 
alloys  nos.  22  to  29  and  31;  X-ray  structural  analysis  shows  that  the 
y  phase  is  still  present  in  the  alleys  quenched  from  1040°C,  but  is  not 
present  in  the  same  alloys  quenched  from  900°C. 

The  6  phase,  which  by  assumption  represents  the  intermetallic 
conpound  V^Ga^  [6,  8],  was  observed  by  us  through  X-ray  and  micro - 
structural  phase  analysis  in  alloys  nos.  12  to  29,  quenched  after 
annealing  at  900°C.  According  to  the  data  from  differential  thermal 


jM 


analysis,  we  are  compelled  to  assume  that  this  compound  is  formed  in  the 
solid  state  by  the  peritectoid  reaction  a  +  y  6.  The  thermal  effect 
of  the  dissociation  reaction  of  this  compound  was  located  at  1100  C°  on 
the  heating  curves  for  alloys  nos.  20  to  25;  the  greatest  magnitude  of 
the  effect  was  seen  in  alloys  nos.  21  and  22. 

The  6  phase  X-ray  photograph  obtained  from  alloys  nos.  21  and  22, 
quenched  from  temperatures  of  1040-1130 °C,  may  be  indexed  with  the 
assumption  that  it  has  a  hexagonal  lattice  of  the  a-TigSns  type  [B] 
with  the  parameters  a  =  8.496  A,  c  =  5.176  A  and  c/a  =  0.61.  After 
annealing  at  900 °C,  a  series  of  new  lines  appear  on  the  X-ray  photo¬ 
graphs  of  the  6  phase.  These  lines  appear  regardless  of  whether  the 
alloy  falls  in  the  6,  6  +  t)  or  i  +  e  regions;  the  only  condition  is 
that  there  be  enough  6  phase  present  in  the  alloy  for  the  lines  to  be 
noticeable.  It  is  possible  that  the  appearance  of  the  new  lines  on  the 
X-ray  photograph  may  be  connected  to  the  appearance  of  polymorphism  in 
the  intennetallic  VgGaj.  It  is  probable  that  VgGas,  like  TigSng  [8], 
forms  an  orthorhonbic  modification  in  addition  to  the  hexagonal  form. 

The  X-ray  photograph  of  the  assumed  low  temperature  modification  of 
VgGas  (the  6 '  phase)  has  not  yet  been  interpreted. 

The  intermetallic  compcmd  V^Gag  (the  e  phase)  is  formed  in  the 
solid  state  by  a  peritectic  reaction.  The  temperature  of  the  three- 
phase  nonvariant  equilibrium  y  +  L  £  e,  determined  from  the  heating 
curves  for  alloys  nos.  27  to  29  and  31,  is  1080°C.  The  data  from 
differential  thermal  and  X-ray  structural  analysis  confirm  that  the 
single-phase  region  is  located  between  alloys  nos.  31  (69.60%  Ga)  and 
30  (72.51%  Ga).  The  apex  of  the  Taman  triangle  constructed  from  the 
values  of  the  thermal  effects  of  the  reaction  e  ■*  y  +  L  is  located  in 
the  region  of  71-72%  Ga.  The  X-ray  photographs  of  the  compound  l^Gag 
are  well  indexed  with  the  assuiption  that  it  has  a  tetragonal  struc¬ 
ture  of  the  *4i2Hg5  type  with  the  unit  cell  parameters  a  =  8.959  A  and 
c  -  2.690  A. 

The  compound  VGa3  (the  n  phase)  is  formed  by  a  peritectic  reac¬ 
tion.  The  tenperature  of  the  three-phase  nonvariant  equilibrium 
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e  +  L  t  n,  determined  by  the  method  of  differential  thermal  analysis  of 
the  heating  curves  of  alloys  nos.  30  and  32  to  34,  is  1060°C.  The 
special  feature  of  the  n  phase  consists  in  the  fact  that  it  exists  only 
at  higher  tenperatures :  from  1060  to  480°C.  A  three-phase  nonvariant 
reverse  peritectic  equilibrium,  n  3  e  +  L,  takes  place  at  480°C  (as 
determined  from  the  heating  curves  for  alloys  nos .  30  and  32  to  35) . 

The  apex  of  the  Tamman  triangle  constructed  from  the  values  for 
the  thermal  effects  of  the  reverse  peritectic  reaction  e  +  L  n  lies 
in  the  region  of  stoichiometric  composition  of  VGa3.  It  is  not 
possible  to  construct  a  Tamman  triangle  for  the  values  of  the  thermal 
effects  of  the  peritectic  reaction  n  -*■  e  +  L.  It  is  also  impossible  to 
retain  the  n  phase  for  room  temperature  X-ray  photography  by  quenching. 
Therefore,  X-ray  structural  analysis  revealed  the  e-V2Ga5  and  ^-Ga 
phases  in  alloys  nos.  30  and  32  to  35. 

As  is  well  known,  pure  gallium  melts  at  29.8°C  [13].  The  tempera¬ 
ture  of  the  eutectic  equilibrium  L  *  e  +  ?  is  about  0.05°  lower  than 
the  melting  tenperature  of  Ga.*  We  may  conclude  from  this  that  the 
solubility  of  V  in  Ga  is  negligible. 

It  should  be  noted  that  irdcrostructural  analysis  of  the  vanadium- 
rich  alloys  (both  cast  and  annealed)  revealed  a  noticeable  amount  of 
an  additional  phase,  which  is  practically  not  revealed  by  X-ray 
structural  analysis  and  which  gradually  decreases  as  the  Ga  concentra¬ 
tion  increases.  Judging  from  the  following  certified  content  of  im¬ 
purities  in  the  initial  vanadium:  Fe-0,04%,  Al-0.01%,  Si-0 .02%, 

S  <  0.005%,  N-0.008%,  C-0.04%,  0-0.29%,  we  may  suppose  that  this 
additional  phase  is  most  probably  vanadium  cxide. 

We  melted  two  controlled  alloys  using  vanadium  as  the  charging 

*  Hie  difference  between  the  melting  point  of  Ga  and  the  eutectic  in 
alloy  No.  35  (6.72?  V)  was  measured  at  our  request  by  G.A.  Alfintsev 
of  the  Institute  of  Metal  Physics  of  the  Acadeny  of  Sciences, 
Ukrainian  SSR. 


material ,  purified  by  electron-beam  remelting  in  a  high  vacuum 
(residual  pressure  10"^ntn  Hg).  By  this  purification,  the  melting 
point  of  vanadium  is  raised  by  60°  (from  1890  to  19503C),  and  the 
hardness  is  decreased  by  more  than  a  factor  of  two .  Micro structural 
analysis  of  the  control  alloys  Tevealed  a  significant  decrease  in  the 
amount  of  the  additional  phase.  Thermal  and  X-ray  structural  analysis 
of  the  control  alloys  showed  practically  complete  coincidence  of  the 
phase  composition  and  position  of  the  critical  points .  This  supports 
our  assumption  that  the  additional  phase  does  not  belong  to  the 
vanadiun-galliun  system. 

>  4> 

RESULTS: 

l.OA  phase  equilibrium  diagram ^for  the  vanadium-gallium  system 
has-been  constructed  by  means  of  differential-thermal,  quenching-X- ray- 
structural  and  quen ching -micros tructural  analysis  - 

2.  ^ Eight  phases  have-beeni observed?^  the  alloys  of  the 
vanadium-gallium  system  in  the  solid  state:  the  a-solid  solution  of  Ga 
in  V  (maximum  solubility  about  51%  Ga) ;  the  8 -sol id  solution  based  on 
intennetallic  V^Ga  (width  of  the  region  of  homogeneity  at  900°C  -  12.4 
at  1065°C  -  15%;  and  at  12U0°C  -  9%);  the  y  phase  -  inteimetallic 
VgGay;  the  6  and  6'  phases  -  the  high-tenperature  and  low- temperature 
modifications  of  inteimetallic  V^Ga^;  the  e  phase  -  inteimetallic 
V^Gat; :  the  n  phase  -  inteimetallic  VGay  and  the  t,  phase  -  gallium. 

3.  It  was  shown  that  the  following  nonvariant  equilibriums  occur 
in  alloys  of  the  vanadium-gallium  system:  three  peritectic  reactions, 
o  +  L  t  y  (1145°C;  53.75%  Ga) ,  y  +  L  *  e  (1080°C;  71.45%  Ga) ,  and 

e  +  L  i  n  (1060°C;  75%  Ga) ;  the  reverse  peritectic,  n  Z  e  +  L  (480°C, 
75%  Ga);  the  eutectic,  L  %  e  +  c  (29.7°C);  two  eutectoids,  o  t  8  +  6 
(1060°C;  39%  Ga)  and  y  t  6  +  e  (1030°C;  53.75%  Ga) ,  the  peritectoid, 
a  +  y  t-  6  (1100°C;  45.45%  Ga) ;  the  equilibrium  a  2  8  (12X80°C,  25%  Ga) ; 
and  the  alio  tropic,  6  2  6'  (950-1000°C;  45.45%  Ga) . 
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